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Abstract
In many European countries, the abandonment of traditional practices in the last decades produced remarkable ef-
fects on agricultural land use. In marginal mountain lands, one of the most evident outcomes is the reduction of
the surfaces occupied by open habitats, mostly represented by meadows and pastures. The ecological consequences
of reduced grazing in the pastures concerned not only the vegetation structure but also the floristic composition
and the biodiversity of the herbaceous component, which is modified by the progressive establishment of woody
species. For these reasons, it is important to carry out specific programs of habitat improvements in order to re-
store and maintain herbaceous vegetation, both for faunistic purposes and biodiversity conservation. In this note
we describe the effectiveness of agronomical intervention carried out to enhance pasture quality in a protected area,
once grazed by domestic animals, now utilised exclusively by wild fauna. The study was carried out for five years
in a Regional Park (Parco Regionale dei Laghi di Suviana e Brasimone, Emilia Romagna, central Italy), in an ex-
perimental area where the vegetation was characterised by a high presence of bracken fern. Agronomical opera-
tions consisted of the restoration of a pasture, using an appropriate forage mixture. After the restoration, data col-
lection concerned botanical composition, floristic richness and biodiversity of vegetation. Moreover, the utilization
of single species by wild fauna was assessed by means of the defoliation rate methodology in order to evaluate the
real consumption of each plant species. The results obtained in the studied area confirmed the efficiency of the im-
provement in terms of botanical composition and pastoral value of the pasture and they provided detailed infor-
mation about selection of different plant species by wild ungulates.
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Introduction
The abandonment of agricultural activities after
the Second World War has gradually assumed
great importance in the hilly and mountainous
areas. Pastoral activity has been one of the sec-
tors mainly affected by abandonment of land
and extensification of the less productive areas
(Didier, 2001; Mayer et al., 2006; Peeters, 2008;
Van den Pol-van Dasselaar et al., 2008). One of
the most observable consequences of land aban-
donment is the reduction of open surfaces lo-
cated in marginal areas, like meadows and pas-
tures once intensively utilised by domestic ani-
mals (Messeri et al., 2007), but which are now
subjected to the diffusion of shrubs and unde-
sirable plants (Lombardi et al., 2001). This pro-
gressive “closing” involved the reduction of bio-
diversity, highly affected by presence of woody
species (Rook and Tallowin, 2003) and the re-
duction of the heterogeneity of landscape (Laio-
lo et al., 2004). Moreover, the presence of
woody species encroaching pastures not only re-
duces grazing surface but also negatively affects
many important characteristics of herbaceous
resources, as productivity, quality of the forage
and carrying capacity (Lombardi, 2005; Dz-
wonko and Loster, 2007; Zarovali et al., 2007).
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The great ecological value of the open areas
includes the presence of ecotone, the transition
area between two adjacent but different plant
communities, such as forest and grassland, char-
acterized by a significant increase in number of
species (Silver et al 2000; Argenti et al., 2000).
This vegetational complexity attracts animals
which choose these zones as feeding and re-
production sites. During the process of sec-
ondary succession, following the abandonment
of agro-pastoral practices, the most ecologically
specialized plant species tend to disappear in
favour of the more competitive ones, and this
process can reduce the suitability of the area
both for domestic and for different kinds of wild
animals (Pain and Dixon, 1997). This situation
progressively lead to a strong reduction of plant
biodiversity with a rapid loss of endemic species
and a decrease of geophytes plants in the herba-
ceous association, with a consequent simplifica-
tion of flora and the vegetation in pastoral ar-
eas no longer used (Staglianò et al., 2003).
The conservation and correct management
of wildlife must be done through the mainte-
nance of forest structure and of its coverage, to
encourage the presence of ungulates and to put
them in conditions to cause very limited dam-
ages. Furthermore, maintaining a balance be-
tween forest and open areas is essential for bio-
diversity conservation.
The presence of pasture areas far from cul-
tivated fields is an important item to optimize
the management of ungulate species, resulting
in a reduction of damage to agricultural crops
(Danilkin, 1996). This aim has been addressed
in recent years in many areas on the Apennine
Mountains through the implementation of pro-
grams to improve the environment in order to
maintain the carrying capacity for large ungu-
lates (Cervasio, 2009). This context includes a
research project carried out on a protected area
in central Italy with the purpose to evaluate the
possibilities for the control of bracken fern
(Pteridium aquilinum (L.) Kuhn), a particularly
invasive species that can cause a rapid decline
of open habitats in the marginal areas of the
hills and mountains (Pakeman and Marrs, 1992;
Le Duc et al., 2000).
Preliminary results have confirmed that this
plant depresses considerably the diversity of flo-
ra and the pastoral value of the food resources
for local fauna (Cervasio et al., 2008), making
the infested areas overly homogeneous and
poor (Ouden, 2000). In this work we consider
the evolution of vegetation and the ecological
characteristics in an open area subjected to en-
vironmental improvement programs directed
towards the increase of biodiversity, floristic
richness and of the palatability value of vegeta-
tion for wild ungulates that may use the recov-
ered pasture.
Materials and methods
The area of study, called “Monte Calvi”, was lo-
cated inside the “Parco Regionale dei Laghi di
Suviana e Brasimone” in the northern Apennine
Mountains (Emilia-Romagna, central Italy), at
about 1100 m a.s.l. The area was 10 ha wide, for
the most part flat and with a prevalent east ex-
posure. A program of pasture restoration took
place in this area in 2003 in order to deal with
a massive presence of invasive vegetation
(mainly represented by P. aquilinum). Inside the
area, all invasive vegetation was cut up by means
of a tractor and then ploughed at a minimum
depth of 15 cm. A mixture of forage species suit-
able to the specific pedo-climatic conditions of
the area was then sown. The mixture species were
(in brackets the percentage presence by weight):
Bromus inermis Leyser (30%), Dactylis glomera-
ta L. (30%), Festuca ovina L. (25%), Trifolium
pratense L. (10%) and Lotus corniculatus L. (5%).
In the following two years the sward was cut once
a year to maintain the new vegetation. The effect
of mowing has somewhat simulated grazing or
mowing of hay that once was carried out regu-
larly in these areas. During the summer months
from 2003 to 2008 data concerning the cover of
bracken fern and botanical composition were col-
lected, taking four samples monthly, using the lin-
ear analysis method according to Daget and
Poissonet (1969).
This survey permitted the determination of
the specific contribution (SC) of each species
within the total of recognised vegetation, through
which the pastoral value (PV) was calculated us-
ing the formula PV = Σ (SCi x SIi)/5, where SI is
a specific index, variable from 0 to 5, which sum-
marizes the potential value of each forage species
(Cavallero et al., 2002; Roggero et al., 2002).
Furthermore, utilising the results of linear
analysis, biodiversity was estimated by the Shan-
non-Wiener index: H’ = - Σ pi ln pi, where pi is
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the percentage of the specific frequency in dec-
imal fraction (Magurran, 2004). The floristic
richness (R) was also assessed by the average
number of species occurring along the transects.
To analyze the direct impact of wild animals
browsing different species, the defoliation rate
(DR) was recorded in the last two years of sur-
veys, according to Jouglèe and Dorèe (1987).
This method provides, through the recognition
of the actual level of utilisation on the vegeta-
tion along the transect lines, the assessment on
the effective proportion of grazing on each
species recorded in the linear analysis. The da-
ta on vegetation collected observing the defoli-
ation rate of the plants grazed is therefore the
only way to determine the actual use of pasture
by the wild ungulates and to know which species
are in reality used by animals. The palatability
was assessed using the method of the “contri-
bution to the defoliation rate”, proposed by Or-
th et al. (1998). This method states that the ra-
tio between the defoliation rate obtained and
the percentage of the presence of the same
species in the sward indicates whether the
species is highly sought by animals (ratio greater
than 1) or if the rate of collection is in line with
the percentage of the species within the pasture,
so that each species is used in proportion to its
presence (ratio equal to 1).
Data collected during the different years of
trial were analysed by ANOVA using the fol-
lowing linear model (SAS, 2003):
Yij = µ + Ai + Eij, where µ = mean; A 
= year; E = error.
Results and discussion
A marked reduction of fern is clearly observ-
able in table 1, where the almost total disap-
pearance of Pteridium aquilinum after the agro-
nomical operations is highlighted. At this time
the infestation can be considered eliminated,
thanks to the removal of rhizomes during
ploughing. The cuts, regularly performed in the
early years, have prevented the re-entry of P.
aquilinum. Values show that the mixture estab-
lished well, however since 2006 the re-growth of
native species has strongly increased. This can
be related to the lack of agronomical manage-
ment, in particular of the cuts in the final stage
of the trial, that partially undermined the best
botanical composition obtained and resulted in
a reduction of the botanical families of fodder
interest (legumes and grasses), while species be-
longing to other botanical families (not seeded
intentionally) showed a strong tendency to es-
tablish themselves along time.
Before the agronomic management took
place, the massive presence of bracken fern op-
pressed the underlying plants, and had certain-
ly limited the emergence of families of forage
interest such as legumes, typically considered
heliophilous plants. In the three years following
the agronomical management plan there was a
substantial increase in the presence of palatable
species; grasses, in particular, were favoured by
cuts carried out in 2004 and 2005. After this pe-
riod, however, the small utilisation of the pas-
ture produced a slight decrease of grasses and
legumes and a significant increase in native
species. These species, limited in their spread in
the first years through proper mowing, have
generally shown a reduced or sometimes absent
values of specific index. In consequence of this,
the total pastoral value of the open area moves
from the high value of 44 (just after the envi-
ronmental restoration) to 25 at the end of the
study period.
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Table 1. Evolution of specific contribution (%) of mixture species (SCM), spontaneous species (SCS), grasses (SCG),
legumes (SCL), other species (SCO), bracken fern (SCP) and of pastoral value (PV).
2003 2004 2005 2006 2007 2008
SCM - 78.2 a 56.5 b 46.6 b 26.4 c 20.4 d
SCS - 21.8 e 43.5 d 53.4 cd 73.6 bc 79.6 ab
SCG 24.7 c 80.8 a 70.4 a 50.5 b 30.8 c 28.0 c
SCL 8.3 c 16.3 abc 22.2 a 15.0 abc 20.5 ab 9.7 bc
SCO 44.8 bc 2.9 d 7.4 d 34.3 c 48.7 b 62.3 a
SCP 22.2 a 0.0 b 0.0 b 0.2 b 0.0 b 0.0 b
PV 8 c 44 a 39 a 35 ab 32 ab 25 b
Means with different superscripts within a row are significantly different (P < 0.001).
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Figure 1 shows the trends along the years of
biodiversity, as measured by the Shannon-Wein-
er index (H’), and of floristic richness (R), re-
ported as average number of species occurring
on a botanical samples. Both these parameters
showed a general increase after the period of
maintenance cuttings, as this agronomical inter-
vention permitted a higher presence of sown
species at the beginning of the trial; after that,
a remarkable increase in biodiversity and floris-
tic richness was observed, as a consequence of
the strong re-naturalisation of the studied area.
This evolution was performed by native species,
producing a reconstitution of a stable composi-
tion from a botanical point of view and keep-
ing a good pastoral value which, while tending
to a gradual decrease, is however interesting to
wildlife.
Specific investigations were performed in or-
der to assess the real utilisation of wild animals
on occurring species of the restored pasture.
Figure 2 shows the evolution, in the observed
area, of the general animal intake of the pas-
ture, expressed as the value of the total species
eaten by ungulates during the summer months,
measured by the index of defoliation rate (DR).
Generally, the decrease of pastoral value ex-
presses a low quality of pasture and thus results
in a loss of utilisation by animal grazing. This
open area has shown a decrease in the pastoral
value, but not a parallel decrease in the pres-
ence of ungulate users, and this demonstrates a
general appreciation by wild animals even when
the area was dominated by native species in the
last period of the observation. Thanks to data
on the defoliation rate, recorded during the
summer months since June 2007, a significant
and constant utilisation of the present species
has been observed. The higher value found in
September 2007 is referred to the increased uti-
lization of recovered pasture during the high-
light of the red deer mating season, as this area
is historically used by males for mating rituals.
Unfortunately it was not possible to verify such
a hypothesis based on the values of DR in Sep-
tember 2008, as in August the area was unex-
pectedly subjected to a mowing which made it
impossible to implement the observations pre-
viously taken.
The methodology carried out permitted the
analysis of animal grazing on single taxa occur-
ring along the transect. Figure 3 shows the trend
of the browsing effect on some of the most con-
sumed herbaceous species by the wild ungulates
in the last two years of observation. Data is re-
ported as a ratio between DR of the species and
its percentage presence in the canopy (SC). All
the botanical species represented in the graph
have got a specific index equal to zero, but they
were constantly consumed in the months taken
into account from 2007 to 2008. Some species,
as Galium cruciata (L.) Scop. and Viola tricolor
L., were constantly consumed in the summer
months, whereas other ones, such as Hypericum
perforatum L. or Teucrium scorodonia L., pre-
sented remarkable differences in grazing in the
same period. These differences could depend on
the irregularity of the nearby forage availabili-
ty. Data confirms the lack of relationship be-
tween specific indexes (generally established for
Ponzetta M.P., Cervasio F., Crocetti C., Messeri A., Argenti G.
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Figure 1. Shannon-Wiener index (H’) and floristic rich-
ness (R, number of species occurring on a transect) dur-
ing the period 2003-2008. Values for each parameter with
the same letter are not significantly different at P < 0.001.
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Figure 2. Trend of defoliation rate (DR) during the sum-
mer months (2007-2008). Values with the same letter are
not significantly different at P < 0.001.
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domestic animals) used for calculating pastoral
value and the real consumption by wild animals,
that also choose species considered of no for-
age interest for domestic species.
Conclusions
The obtained results confirmed the efficiency of
the habitat improvements in terms both of for-
age quality and biodiversity of the pasture in
the studied area. The effects of agronomical
managements have shown that the restoration
operated by mowing, ploughing and sowing with
a suitable seed mixture is very effective in re-
ducing the bracken fern infestation and in the
recovery of a pasture interesting as a food re-
source for wild ungulates. The preservation of
the restored pastoral resources through forage
cutting seems to be essential in order to reduce
the presence of bracken fern and to maintain
the sown species, whose presence was strongly
affected by the removal of vegetation. More-
over, the method used to measure the defolia-
tion rate gave effective indications concerning
the real consumption of several species by un-
gulates. This study highlighted the peculiarity of
feeding preferences of wild animals while graz-
ing. The wild animals present in the study area
chose the native species which re-colonised the
restored pasture in a different way from do-
mestic livestock. Thus, the pastoral value of a
pasture area utilised exclusively by wild ungu-
lates, calculated using the specific indexes elab-
orated for domestic animals, can lead to mis-
leading conclusions about the real forage po-
tentiality of the area.
For these reasons, further investigations
should be encouraged, in order to assess in a
proper way the specific indexes for the evalua-
tion of the pastoral value for faunistic purposes.
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